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I....O, C"_'_<DU _TION

At the request of the i'_r_i_Air Corps _t_ri_l Division,

the XP-40 airplane was te_ted in the N. A. C. A. full-=_cale

wind tunnel to investi_te methods for increasing the maxi-

mum speed. The major portion of the tests were concerned

,,_:ithmeosurements of the airplane dr;_ for v_ rlous modifi-

cations of the Srlrpl_ne components such a_ the cooling sys-

tems, landing gear, etco The investigation also included

measurements of the profile drag of the wlr_ and ts_tl by

the momentum method, the loc_tlon of the transition point

on the w!n_, the determ[netlon of the critical comDressl-

bility velocity for the alrpl_ne, and the maximum lift co_

efflolents for the airplane with flsps up _nd down° A few

tests were msde ,_ith the propeller operating°

The XP-40 airplane is a sln,_le-place Curtiss oursu_t

with the follov_ing chareoteristlcs:

Gross Weight (production model) ......... 6783 pounds.

Wing Area .......... _ ..... 236 square feet.

Wing Section ........................ --= P-215-09



F

mm am

Propeller .................. 3 blades, ll-foot diameter,

Curtlse controllable

oitch°

En61ne ..................... Allison v-1710-C13.

Normc.l _.tin_ ....... 1,000 horsepo,_er at 2,600

re p. me at 16,000 feet.

Propeller Shaft Ratio ...... 2:1.

_,"_uc_n_,.,._ AND AP)'A_"_TUS

The _. _. C. A. full-scale _vlnd tunnel and the balrnce

equipment used for the fo_'ce measurements are described in

reference I° The method of _tounting the airpl_ne on the

balance in the tu_el jet is illustre.ted in flt3_re I° The

special techniques and ap;Jar:_,tus used for the momentu_ snd

transition measurements are described in references 2 and 3.

The static pressure measurements required for the determina-

tion of the crltlc_.l compressibility velocities were obtained

with 1/16-inch di_-_.meter ste.tlc pressure tubes mounted 3/16

inch from the airpl_.ne surfaces. The air velocity through

the Prestone cooling ducte was mee._ured by means of banks

of total head tubes tr_.vers!n_% the duct outlets and st_tlc

pressure orifices in the sdJ_cent duct walls.

T_,USTS

The test proE_,r_ for the MP-AO alrpl._ne ,_r_s as

follows:
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Io PoL"er-off force t,_st with the _:Irpl_me in

the completely faired condition (fiE, 1). Radi_=tor

retractea and completely f_.ired over; exhaust stacks

removed; cockpit enclosure closed; landing gear re-

tracted and faired; control surface gaps sealed;

propeller removed and spinner holes se_ed; bottom

of fuselai_e f_..ired smooth; inlets to oil coolln_

ducts covered; carburetor inlet scoops and blast tub_.s

removed; control surfaces locked neutral; aerial _nd

aerial flttin_g off.

2. Same as (i) except Io _r fUsel.-g_ fairing

removed (fig. 2).

3- Same as (2) except inlets for oil cooling

duct_ ooened (fi_. 3).

4. S_._ne as (3) except exhaust st_cks _dded.

5. S_me as (h) except the seels on the control

surfe.oes removed (fl_. 4).

6. Profile dr_ measu._ements by the momentum

method were made over the span of the rl;zht wing penel

and horizontal tall surfaces at the hi6_-speed attitude

with the elevator end aileron Gaps both sealed and open_

7. S_me as (5) ezcept re_.r wheel cover plates

removed from l_nd!n._ _e__r fairln_ (fl_._. 5).

8. Same as (5) except all felrin_._ removed from

i_ndlng _e_r (fig° 5)o



9. Sam_, a_ (8) except oui_insl c:;rburetor inlet

scoops (see upp_r _:_hotojr.:_h of flj. i0) added and

op_ni_,_ f_ired over°

I0. Sam_, as (9) excerpt blast tu_,_s a(_,.e_ with

fnir_n remainin_ on c_-rouretor scoo_os.

Ii. Po.,_r--on t_st, with a!rpl_le in sa,_e co_Sition

as in (I0) except i'_rope!!_r ca ang fairlnj, remove_ from

c_rbur_tor In! _s

12. Po_-_,r-on test with ai_l,':ne in same c,:_ndition

as in (ii) e;,cept v.ith ;_odified i-'restone r_:*dlator in-

stallation (fi_s. 6 _,n6 7). Air flow v_locity in

Prestone r_,#lator duct me,_sured for hi!_,h-sp(_d _,nd

climb conditions.

13. Po_,,or-off force i,_sts _ith _irpl_nc saze as

in (12) except propeller off and fairings ad(_ed over

c_rburetor inlet scoops. Air flo_:" velocity in r,r_dia-

tor duct _easure6 for high-speed and climb conditions.

14. S_me as (10) but with or!_;in_l rsdiator i:l-

stallation (fig. 8) (ori_!_innl alrpl_ne minus aerial)°

Pow_z_-off force tests _nd air flo_.; velocity measu_e -

ments at high speed _:_nd cli_o con_itlOnSo

15. Po_,,er-on test_ with _irplane s_e _ (14)

except propeller on _nd c_rburetor inlets opened.

Air flo_, meosurements st hi_!;h speed an_ cli_b con-

ditions o
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16. Same as (14) except original r_dlctor scoop

provided with f_Lired inlet o.qd restricted outlet (fig. 9).

Po_er-off tests and _ir measurements at the hic4h speed

conditlom.

17. Same as (15) except complete l_nding gear

falrin_ on. Power-on measurements st higJ_-speed con-

dition.

18o Same as (17) except hole at forward end of

propeller spinner and openings around blade shanks

sealed.

19.

so oop

Ssme as (14) with modified c_rburetor inlet

(fl . lO).

20. Same as (i) with aerisl added. (Aerlel re-

moved after this test and off during all the other

tests° )

21o sa_,ze as (14), pol_ _ taken over maxinlum llft

with flaps up end down.

22. i_easurements with surface tubes and ststlo

tubes to detect trensltlon _t two stations along the

wing span°

23. _'e_surements with static tub_s to determine

the crltlc_l compressibility velocities on the wln_,

engine cowlln_, and windshield.

The control surfaces were locked in the n_utrpl oosl-

tlon for sll the tests° Scale effect on the po:,;er-off
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drag measurements was studied by testlnF+, in most cases,

at five tunnel speeds between 63 and 95 m.p.h. For

the basic conditions such as (I) and (14) the tests were

extended over a ran_,_e of _.ng_les of attack inoludlng high

speed 8md climb, whereas in the other conditions the tests

were confined to two angeles of attack brscketlng the high-

speed condition. For the po%_er-on tests the propeller

pltoh was adjusted to provide the correct thrust at the hl{_h

speed V/riD. This s_ne propeller pitch was maintained for

the climb condition and the propeller speed was aaJusted to

provide the correct result_ult thrust. The power-on tests

were made at a tunnel speed of about 80 in. p. h.

R_SULT3 AND DISCUSSIONS

The dr_g coefficients for the alrpl_ne in the high-

speed attitudes for the vzrlous test conditions are sho_

in fi_ure ll and table I. The results are given for a

tunnel speed of 90 m. p° h° Typical varlptlons of the drag

coefficient wlth tunnel speed for two of the test conditions

are shown in figure 12. The percent dra_ reduction from

v_rlous modifications to the airplane is shown In figure

13° These results are to a large extent based on the

power-off tests, and the drag coefficients are considered

to be accurste to within +O.OO01.



The power-on force test results ,"_re err_tlc owin_ to

the f_ct that a 1 percent variation in the propeller speed

accounteC for a dr,_g coefficient change of about 0.O015;

however, the r_ver_es of humourous test points in geners.1

showed sgreement wlth the powcr-off d_t_. The pov,er-on

tests were of particular volue for studying the effect of

the slipstream on t11e flou_ throu_ the r_dlator duets.

The llft, drag, and pltchln_moment coefficients for

the airplane in the original condition are shown in figure

14. Included, _lso, is a curve of the maximum lift co-

efficient wlth the fls_p_ deflected.

Prestone radiator install_tlons. - The gre_test em-

phi.sis durin_ the test was dlrecte6 toward reducing the

drag of the r_di_tor Inst_ll_tio:_ without decreasing the

quantity of alr flo_Ing through the radiator. The Prestone

rsdi_tor Inst_ll_tion on the airplane as delivered to the

N. A. C° A., which is designated as "original" in figure 7,

added a CD increment of 0°0037 to the airplane, which

is an incresse of 18o9 percent based on the faired air-

plane CD of 0o0196. From calculetlons based on the

measured a!r flow through the radiator and the known ra-

diator resistance it may be shown that of the tots.] dr_g In-

crement measured for the r_diator only 0.0006 or about 16

percent is usefully employed in forcing alr through the

radiator core° The remaining loss is due to the added



frontal area, shape of llp on inlet, and sener_l disturb-

ance of flow over the alrpl_me induced by the scoop arrange-

ment °

In om attempt to reduce the expose6 front,_l area the

radiator arr,_ngement designated as "modified" (fig. 7) was

Inst_led on the airplane. For this In_tall_tlon the ra-

diator was raised so as to s_l_nost touch the engine crank-

c_'_:se. The scoop was then wholly within the original falr_

Ins llne of the smooth nose. (See figs. i and 6o ) 'vlth

this r_dlator Install,_tion the CD increment was reduced

to 0.0020 or about 10o2 percent of the alrplsne drag°

Compared with the original radiator arr_z, gement a ssving in

drag of about 8°7 percent is effeoted. The _uantltles

of air flowing through the two r-_,diator duct arrealgements

for the high speed and climb oondltlons, povJer-off and

power-or% _re shown in table 2_Io The qu_.ntlties measured

for the t_-:oduct arrangements are essentially the same,

and both systems should, therefore, provide about equal

cooling°

Based on a report from fllzht tests that the existing

radiator inst_!l_tlon on the XP_40 provided excessive cool-

Ins _t the high-speed condition, a sinzle modification was

tested in which the outlet area was reduced to 0.6 of the

orlii_inal by means of a flap, and the inlet scoop was refsired



so as to h_ve a l_rger no,_e radius (fig. 9) in order to pro-

vide a smoother passage for the air passing _round the duct°

The dr_ increment due to the scoop wss reduced to 0.0023,

and the air quantity for the hitch-speed condition was reduced

to about 2/3 of the orlglns_l amount.

Owing to time limitations an optl.mum design for the

Prestone radiator system could not be d,velopedo A d_'slgn

of this type would include the following additional modlfl-

cat ions :

I. A l_r_er radiator so as to decresse the in-

ternal radiator drag to less than 1 percent of the

airplane drag.

2o A rearrangement of the plpln_ at the rear of

the engine so _s to allow the radiator outlet to be

lengthened and so dlsch_rge the cooling air parallel to

tbo under surfece of the fusels_e.

3o A flapped outlet to provide additional cool-

In_ air for the climb oonditlon_

4o A flapped inlet, if necessary for ground cool-

InG or extra ooollns in climb°

With the Id enl arrangement the cooling drag should not

exceed 4 to 5 percent of the airplane draK.

Win_dgra_ - The results of the measurements of the wln6

profile drag. by the momentum r'_ethod are shown in figure 15.
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The profile drag coefficients _iven arc, b_sed on an _ver_ge

wlng CL = Oo135. The r_sults were obtained: _t a twin,el

speed of 80 miles per i?our which corresponds to a Reynolds

Number of about 5 million based on the av_.r_e wing chord°

Included in figure 15 is a curve for an estlm_ted aerodynami-

cally smooth wln_ of the same geometrical char_.cteristlcs.

Comp_red with the estimated aver,_Ee smooth wing CDo

of 0°0060 the coefficient for the service wing, including

the completely faired landing gear and the wing fillets, was

0oO09#o By means of an extrapolation (see dotted llne in

fi_.. 15) an attem,ot was made to separate the drag of the

landing ge_r and fillets from that of the win_° By this

method the average drag of the wing alone was estimated to

be 0°0079 or 31°5 percent greater thsn that of the

smooth wing° Also, based on the preceding assumptions,

the drag of the landln_ gear and fillets was 0o0016 or 8

percent of the entire smooth airplane dra_.

In ordf_r to further investigate possibilities for re-

ducin_ the wln_ dr_.g and to aid in seps.rating that part of

the added win_ dr_-.g which was due to early transition from

that due to surface rou_hness, measurements of the transi-

tion points were made for several sections of the wing at

severel angeles of att_cko The transition point is defined

as the chordwlse station on the win_ at which the laminar

flow in the boundary layer: begins to chan([e to turbulent
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flow, and is experlment_lly observed as the point at which

the velocity next to the surf&ce begins to increase raDidlyo

The locations of the transition point for two st_tlons meas-

ured are shown in fi_ure 16o Transition occurred at _pprox-

Imr,.tely the lO percent chord point for the inboard station

and at the 17-1/2 percent chord oolnt for the outboard sta-

tiono The measurements were: confined to the upper surface

only since the tr_nsition point on the lo,.er surface for the

llft coefficient tested occurs almost at the front gt__gna-

tion point even for a smooth wlnl_o r_easurements on a simi-

lar smooth _irfoil (reference 5) sho_,:ed the transition point

to occur at the 24 percent chord point° The effect of

the roughness on the nose of the airfoil noved the transition

point for_-e.rd _ _vera_3e of about lO percent° Tests on

a smooth wing have shown that movin_ the transition point

forward by this a1_iount on both surfp, ces increases the wing

profile dr_g by about lO percent.

_Vith this information an att_.zpt has been made to

sepsr_:d,e the total me_.sured incre:_se _n wln_ drag for the

XP_40 airplane Into the _e)Jarate oomponentso These are as

follows:

Io Ti;)s of wln_s ..................... 0,0002

2o Aileron slot ...................... 0,0001

3. Irre-_ularltles at tips of flaps

and ailerons ................... --0.0003
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_o Movement of trsnsitlon point--- 0.0003

5° Countersunk rivets ........... 0°0002

6o Joggled l_ps and menufacturlng

irregul _rltles .......... 0.0008

These increments represent the drag of the various

items at a tunnel velocity of 80 miles per hour. It is

next necessary to predict the effect of the_e same items

at the actual high speed of about 350 miles per hour°

It is belleveo that items l, 2, and 3 will remain essen-

tially the same. Owing to the fact that the trsmsltion

point even for a smooth wing at 350 miles per hour would

occur at about lO percent of the wing chord back of the

stagnation point, there is little to be gained by attempt-

ing to delsy tre_usltion on the present wing° From high-

speed tunnel results (reference 4_ it may be noted thst

the drsg of Joggled l_os is about the same at Reynolds

Number of either 5 or 20 zillion, so this increment is

likely to chcnge but little° It may be d_sir:ble, how-

ever, to elimlncte the lap Joints and attemot to produce

a smooth wing by filling the wing surf sos. In this way

the dr_g increment of 0°0008 for the Is ps and m_nufscturing

Irregularities m_y be some_._hat reduced. The CD item

of 0°0002 for the countersunk wing rivets may also be

largely elimin_ted in this way°
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The drag increment of 0°0001 obtained for the

aileron gap from the momentum measurements is small, but Is

consistent with the results of other similar tests in this

tunnel° The momentum mer surements showln_ the effect of

sealinE the g_p between the stabilizer and elevator are shown

in figure 17. The ai_lane CD w2s d:.creaeed by 0.0002

due to the elevator seals° If the seals on the vertlcsl

surf2ces contribute the same amount, the total increment

due to the seals on all the surfaces would be 0.0005, which

is in good _greement with the force test results°

Carburetor I ntak___2eo- An attempt was uade to improve

the carburetor intake by a redesizn of the inlet scoops°

The original and modified scoop arr_nzements are shown in

figures lO and 18. The two scoops in the orizinal ;'rran_e-

ment were combined into a sin:_e central scoop with the

blast tubes removed. The scoop w_s p:_rtly sunk below the

original upper cowl line_ (_ee fi_. i_ )

The drag coefficient for the modified scoop was about

0.0002 less than for the ori_1ns_l one; hov:evar, the pres-

sure available at the carburetor was also decreased to about

two_thlrds of that available with the original sooop_ Slnoe

this decrease in pressure would result in a low_r carburetor

ram at altitude, the advantage of the decreased drag of the

modified c_rburetor inlet is dubious. It is believed that

an optimum desi_jn of the c_rburetor inlet would consist of
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a single scoop, slmil_r to the modified one used in the

present tests, but _;Ith its opening further forward so as

to avoid the loss in r_.m pressure due to the fuselage

boundary layer. C_'re _mst be tsken to provide smooth

cowl lines aheed of the scoop, and the no_e rodius and

external shape of the scoop should be designed so as to

provide a smooth passage for the air flowing around it.

Holes in _?rope!ler spinner° - Compl_t,ly sealing the

hole in the nose of the oropeller spinner and the gaps

aroun_ the propeller blades decreased the airplane drpg

coefficient by 0.0007. This increment w_.s obtained f_om

the power-on te_ts since it w:_s consid_rec_ to be particular-

ly sensitive to the conditions of propeller oners tlono It

is believed that the hole at the nose of the spinner should

be ellmln_ted and the ge_ps around the propeller blades

ls rgely reduced° If cooling is requlred for the propeller

motor, it is su6gested th_,t methyl fln_ be used to conduct

the heat from the motor c_sing to the spizmer shell.

L_ndln_6_ear and other Item.So - Refalrln_ the entire

landing_ gear, {flgo 5) reduced the airplane dr_.g by a GD

increment of 0°0009. A sep_rate test showed that most' of

this reduction was due to improvements to the forw8.rd p_rt

of the retracted gear, as a reduction of 0°0007 was ob-

tained for the feIred condition with the rear wheel cover

plates removed. (See arrows in fig. 5.) As pointed
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out in the discussion of the wing dreg, _n increment of

O.O016 is attributed to the completely faired landing

gear and vJing fillet. Assuming thst one-half of this

increment is due to the landing gear, it is to be ob-

served that a further CD reduction of about 0.0008 is

possible makinz the total gain from completely retracting

the landlmz seer v_Ithin the wing or fuselcze about O.0017o

The inlets to the oll cooler ducts (fig. 3) Increased

the dr::g coefficient by 0°0003° This increment Is ex-

cessive and Indlc:_tes a very io:_: duct efficiency% however,

without a major redesign of the oil-coollng system little

opportunity for a l_r_3e improvement seems possible°

The aerial contributed the surprlsln_%y large drag

increment of 0.OO05° This item could be eliminated

through the use of the trailing antenna.

The exhaust stacks Incre_ser_ the dra_ coefficient

by only 0o0003 and eerodyn_le_lly ere e_'cellent in de-

sl_no

Critic_l corn ressibillt Y_elocitieso= _ ..... _..mp , _ o . - _:_easurements

v,,ere msde of the maximum neg_tlve pres<ures on the wir_,

ensine coy:l, and windshield for the hi,sh-epeed fllght

attitude to aid in predlotln_ the critlosl compressibility

velocities° The method for determining the orltioal

velocltlps from the pressure measurements is given in
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reference 5. This method is outlined in fi<_ure 19, the

critical velocity being given by the int,_rsectlon of the

curve designated as P with the critical velocity curve

marked Pc o The pressure coefficient P equals p/q in

which p is the local static preseure and q is the free

stream dynamic pressure.

From the data of fl6_re 19, the followln_ critical

velocities are tabulated:

CRITICAL VZLOCITY, _. P. H.

C owl Ing

Wing

Wind shield

Ground

667

5OO

_08

16,000 Ft. Alt

630

_-73

390

The results show that the crlticml velocity occurs

first at the corner of the windshield at a velocity of

390 miles per hour°

The results predicted by the method of reference 5

are not conservative, and the actual comp1_essibility

burble may occur at a speed as much as lO to 20 miles

per hour lower than given in the table. It is believed

that if a speed of 370 m±les per hour is expected from

the XP-40 airplane, it is desirable to further round over

the peak of the windshield. The studies of reference 6

will aid in this work.



CONCLUDI_IGR_ [AlflKS

Based on the t_st results it is estlmated thst modifi-

cations to the airplane that are immediately pr_cticable

such as sealln_ slots, utilizing trailln_ antenna, closing

spinner holes, fsiring lar:ding geo-tr, and modifying the ra-

diator installation would increase the top speed by about

93 miles p_r hour. Incorporatln Z the fu:cther refinements

of completely retracting the landlnz 6e_,r, increao_ing the

size of the r,_dlator and providlnz an optimum rsc;i_tor

duct, smoothinz the wln_s, redesignin6 the c_rb_retor inlet,

redesignlns the oil-cooler system so as to obtain a higher

duct efficiency, and Improvin_ the win_s fillets could re-

sult in a total increase in maximum speed of about 4 ° miles

per hour°

Langley Eemorlal Aeronautical L_bor_.tory,

Nstiona! Advisory Conmittee for Aeronautics,
Land_l ey - " _Fiela, _a., Lay 16, 1939.

Clinton H. Dearborn,

Ae rone.ut ic al_n_in eer.

Abe Silverstein,

Assoclz.te Aeronautical Rn_Ineer.

John P. Reeder,

Junior Aeronautlcal k_nglneero

F_Iton "I. _._liler,

Principal _,_ech_nieal _n_Ineero

V
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_ FI_UR_ Lq_qNDS

Figurel. - The _P-40 al_olane in the completely felred con-
dition mounted in the full-scale tunnel.

FIp:ure 2. - Lower fuselage fairing°

_i_,;ure 3. - Oil-cooler duct cover.

Figure _. -

Figure 5. -

Figure 6° -

Control surf_:,ce gs.ps sealeC and open°

Retracted landing gear°

Eodlfled radiator installatlon.

Figure 7. -
[Sketch)

Hodlfled and original radiator installations,

Fi_re 8, -
aerial.

The XP-40 airplane in original condition minus

FIzure 9. - Original r-6.i_.tor in_t_ll_,tlono

Fi._._re I0o - Carburetor inlet scoops.

Figure II - ,Or_g of _irol_ne at h_ -_ c_ -• - _ _:_,_-_,oeeuattitude for
various t_'st conditions°

Fi_ure 12o - Sc_!e effect on hitch-speed _ ,• or,_tg co=fficlent for

airplane in standard condition an_ in the conTolet_ly f_ired
condition. _ "

Figure !3o - Dr_ reductions in percent frorl v_rlous modlfi-
c_tlo:_s to the alrpl_ne.

Figure 14o - Lift, d_;-g, _nd Ditching. :_;oment for _irp!ane in
the st,_nda_-_ condition, propeller off.

Fi_ure. 15. - '",in:_profile _]r_g. ootsined_ f_"or:_momentum meesure-
ments in _he wake of _,he wln_.

Figure 16o - Determination of tr,.nsitzoa- " ooint on uoper wing
surf _c eo " "

Figure 17 - Profile drag of hori- ......, o . .:_on_-.._ t_il surface, gs, ps
sealed and open, as oot:Inec, from no[]entum ,':_ezsurements in
wak e o

Fiqure 18 - Orl,.:',in_l_,nd _:.,o_ified c" _ ,_,r,.,uretor ints.ke scoo.ns

Figure 19_o - Critical velocities for v.inSsa!eld, wln_, and
nose of alrpl_'ne_ _
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Test Condition

steed

CD

Smooth fusels4_e conditlan; propeller off;

rs.di_tor retracted and Completely f_:.Ired
over; exhaust stc_cks remove_; _indshield

closed; landln_ _e_r fc_ired over; slots in

control surfaces sepled; all spinner open-

ings sealed; bottom of fuselage faired _mooth;
oll duct inlets covered; carburetor inlet

scoops and blast tubes off; _erlal and fit-

tings off; control surfaces locked neutr_-l;
airplane cle_n of dust and dirt. 0o0196

Increment

of dr_g
re_uct ion

AC D

Lo_'er fusel_ce fairln_,_ produced ne_zlt_Ible
dr_ increment Eo has been omitted from the
summ_-ry of test conditions°

2

3

4

5

6

7

8

Same as 1 except oll cooling ducts opened.

Same as 2 except exhaust stacks added.

Same as 3 except seals on control surfaces
off.

S_me as 4 except rear cover plates off
landln_ _ear.

Same as 5 except forward landlnz Eear
falrlngs off.

Same as 6 except csrbur_tor inlets added
and faired.

Same as 7 except blast tubes added, falr_
ings remaining on o:_rburetor inlets.

9 Same as 8 except modifleC r_dlator scoop on.

0oO199

o°o205

0.0209

0.0211

0o0218

0o0221

0o0221

0.0241

0.0003

Oo 0004

O. 0006

0°0002

000007

0o0003

0.0000

0°0020

10

11

12

13

Ss_e as 9 except original r_dlstor scoop
with restricted outlet on. 0.0244

Same as i0 except ori_Inal r_hiator scoop and

modified c_,rburetor scoop on. No b7 P_st tubes. 0°0256

Same as ii but _:,Ith orlzincl radiator scoop
and orlglnc! c_rburetor scoops on. 0.0258

S_me as 12 but wlth cerlal _nd flttln_s added

Thls was the ori6irml condition of the ship
as received.

0.0263

o.0003

O, 0012

0.0002

0 oO0O5
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TABLE II

AiR FLO!V ,IUAN_I,IES CU. FT./MIN. AT TUNN_

VELOCITY OF 75 M. P o H o

Attitude

of

Ship

,. [

High Speed i

= 0.60

Climb

= 5.7 °

Original

C ondltl on

-Power off Power on

3100

2900

3010

3410

Original
Conditlon

Restricted

Outlet

Po er 'o f I

2100

_._odlfled _coop

_adlator Rals ed

Power off I Power on
! • , L ,, L_

3230 3200

i ........

i 2850 _ 3340

I ..........
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Figure 8. - The XP-I$O Airplane in original conclition minus aerial.
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3.
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6.

7.

8.
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IQ

SLOT5 IN CONTEOL

AEI_IAL

SURFACE5

E X HAU 3T 5TAC K5

CAEISU_ETOE 5EDOP5 AND

HOLES IH 5PININEI_

W I N G ROUG H H Ebb

LANDIIN_ GEAE EOU_NrHES5

OIL COOLER. INLETS -

OI_IG triAL i_ADIATOI_

MODIFIED t_a_DIATO F_

BLAST TUBBS

k.

IN 5TALLATIOH

IN 5TALLAT IO H

NOTP_: I)i_,G IHCI_EMF::HT5 AI_: I'_A%P..D ON THE: COMPLETELY PAIi_:l:) CONDITIOH(Co:DI9G)

Fi_are 13. - Drag reductions in percent from various modifications to the airplane

ADVISORY COMM TTEE FOR_A_'IEI_cON_II, UTICSNATIONAL



I_ il IIiiliiIIIIIIIIIIIII lllii_....



, ',_Z:I I I I IIILII!I_ II : II1 :IIllltl I I I


















